The novel antiepileptic drug levetiracetam (ucb L059) induces alterations in GABA metabolism and turnover in discrete areas of rat brain and reduces neuronal activity in substantia nigra pars reticulata.
Levetiracetam ((S)-alpha-2-oxo-pyrrolidine acetamide, ucb L059) is a novel anticonvulsant drug presently in clinical development. Its mechanism of action is unknown although a recently novel specific binding site for [3H]levetiracetam, unique to brain, may be involved. This binding site has yet been characterized, but some evidence suggested a possibly indirect interaction with the GABA system. We therefore examined levetiracetam's effects on GABA metabolism and turnover in several rat brain regions after systemic administration of anticonvulsant doses. Furthermore, in order to study functional effects of levetiracetam on a well defined system of GABAergic neurons in a brain region that has been critically involved in anticonvulsant drug action, we examined levetiracetam's action on spontaneous firing of substantia nigra pars reticulata (SNR) neurons in anesthetized rats. Although levetiracetam did not alter the activity of the GABA synthesizing and degrading enzymes glutamic acid decarboxylase (GAD) and GABA aminotransferase (GABA-T) in vitro, systemic administration induced significant alterations in these enzymes in several brain regions, indicating that these enzyme alterations were no direct drug effects but a consequence of postsynaptic changes in either GABAergic or other neurotransmitter-related systems. In the striatum, levetriacetam, 170 mg/kg i.p., induced a significant increase in GABA-T activity while GAD activity markedly decreased. When GABA turnover was estimated after inhibition of GABA-T by aminooxyacetic acid (AOAA), treatment with levetiracetam (given 15 min prior to injection of AOAA) significantly reduced GABA turnover in the striatum. Since the substantia nigra pars reticulata (SNR) receives a strong GABAergic input from the striatum, we examined if the alterations in GABA metabolism and turnover in the striatum led to functional alterations in neuronal activity in the SNR by recording single unit activity of SNR neurons after i.p. injection of levetiracetam. While injection of vehicle did not affect SNR neuronal activity, a significant decrease in spontaneous neuronal firing was recorded after levetiracetam. Since a substantial body of evidence suggests that the SNR is a critical site at which decrease of neuronal firing results in protection against various seizure types, the suppressive effect of levetiracetam on SNR activity may contribute to the anticonvulsant action of this drug.